ABSTRACT To determine how the presence of generalised airflow limitation due to chronic obstructive lung disease affects the recognition of simulated upper airway obstruction, a study was carried out in 12 patients (mean (SD) age 57 (7) years) with chronic obstructive lung disease (FEV, % predicted 53 (22), range 21-70) and 12 matched control subjects. Patients and control subjects performed maximal inspiratory and expiratory flow-volume curves in a variable volume plethysmograph with and without upper airway obstruction simulated at the mouth with a series of polythene washers of internal diameter 4, 6, 8, 10, and 12 mm. In patients, as in normal subjects, peak expiratory flow (PEF) and maximum inspiratory flow at 50% of vital capacity (Vimax5O) were more sensitive to upper airway obstruction than were FEV, or maximum expiratory flow at 50% VC (VEmax5o); but the reductions in all indices caused by simulated upper airway obstruction were smaller in the patients than in the controls. The fall in PEF (whether expressed in absolute units or as a percentages) consequent on severe (4 mm) upper airway obstruction became smaller with increasing severity ofchronic obstructive lung disease. The subjects also produced flow-volume curves with and without 6 mm upper airway obstruction while breathing helium and oxygen (heliox). In both groups the effects of heliox on PEF and Vimax_0 were increased when upper airway obstruction was simulated. It was confirmed that the functional recognition of upper airway obstruction is more difficult in patients with chronic obstructive lung disease than in normal subjects and this difficulty increases with severity of disease; an unusually large increase in PEF or Vimax5o while the patient is breathing heliox should raise the suspicion ofcoexisting upper airway obstruction, but such a pattern is not specific.
Introduction
Upper airway obstruction is recognised functionally by its effects on maximum expiratory and inspiratory flow. Extrathoracic obstruction has its greatest effect on the maximum flows that are most effort dependent-for example, maximum expiratory flow at large lung volumes and maximum inspiratory flow throughout the vital capacity. Various indices based on flowvolume and spirometric measurements have been proposed to aid the recognition and assessment of upper airway obstruction-for example, a peak expiratory flow (PEF) that is unexpectedly low in 461 relation to the forced expiratory volume in one second (FEV,)' or an abnormally high ratio of maximum mid expiratory to maximum mid inspiratory flow.23 Lesions in the larynx or trachea may sometimes lead to upper airway obstruction in patients who also have generalised airflow limitation, and clinical experience suggests that in such patients upper airway obstruction may be more difficult to recognise. Theoretical considerations imply that this would be the case, because maximum expiratory flows are less dependent on effort in patients with chronic airflow limitation than in normal subjects. Indeed, a degree of upper airway obstruction may even be beneficial in such patients: the characteristic "pursed lips" breathing seen in advanced emphysema represents self imposed upper airway obstruction.
Airflow in the central airways is turbulent and very dependent on the density of the gas breathed.4 Breathing a low density gas, such as a 79% helium and 21% 462 oxygen mixture (heliox), should result in increased flow, particularly when this is determined by the calibre of the more central airways. Comparison of maximum flows during the breathing of air and of heliox has been used in an attempt to identify the site of airflow obstruction (for example, in asthma5) and it has been suggested that the response to heliox may aid recognition of upper airway obstruction in patients with chronic obstructive lung disease. , and 12 mm between the mouthpiece and the spirometer. Each subject then breathed tidally from a bag containing heliox until the concentration of nitrogen in mixed expired air measured by a mass spectrometer was under 5%. With the subject still breathing heliox flow-volume curves were again recorded, first with no additional obstruction and then through a 6 mm orifice. Only one orifice was used for the heliox recordings.
For each recording at least three expiratory and inspiratory curves were obtained from each subject and these were used to construct a composite maximum flow-volume loop by the envelope method,9 with the largest vital capacity as a reference and the other two curves superimposed. Efforts were regarded as satisfactory only if vital capacity was within 5% of the largest value. PEF, peak inspiratory flow (PIF), and maximum expiratory and inspiratory flows at 50% of vital capacity (VEmax50, Vimax5o) were read directly for the composite curves. Values of FEV, PEF and VEmax5o were compared with reference values'0; because of the paucity of appropriate reference values Vimax_0 is reported only in absolute units.
ANALYSIS OF RESULTS
The FEV, (% predicted) measured conventionally and with no added obstruction was taken as the index of severity ofchronic obstructive lung disease. The effects of simulated upper airway obstruction in the two groups of subjects breathing air were analysed initially group.bmj.com on April 20, 2017 -Published by http://thorax.bmj.com/ Downloaded from Effects ofan external resistance on maximumflow in chronic obstructive lung disease F-! I , FEV, and flow indices (A FEV,%, JPEF %, etc) from the values obtained during air breathing. These percentage changes were calculated with no added obstruction and in the presence of the 6 mm orifice for both groups of subjects.
Statistical analyses within and between groups of subjects were performed with Student's t tests for paired and unpaired data respectively. Linear correlations between variables were examined using the method of least squares. A p value of <0 05 was considered significant. The effect of severity of chronic obstructive lung disease on the identification of additional upper airway obstruction was examined by plotting, for the patient group only, the fall in PEF produced by adding a 4 mm orifice against FEV, (% predicted) (fig 3a, b) . There was a close relation between FEV, % predicted and absolute fall in PEF, and even when the fall in PEF was expressed in percentage terms a significant correlation remained, smaller reductions in PEF being produced by the addition of the orifice in patients with more severe chronic obstructive lung disease. The present study has confirmed that the recognition of simulated upper airway obstruction is more difficult in patients with chronic obstructive lung disease than in the control subjects. The reductions in FEV,, PEF, and VImax, produced by resistances added at the mouth were always less in the patients than in the control group.
The differences between the two groups could in part be related to the higher absolute starting values of the control group, but even when the reductions in FEV, or maximum flow were expressed as percentages of the initial values significant differences between the two groups of subjects were still present (fig 2b) . A lesser sensitivity of indices of maximum expiratory flow to upper airway obstruction in the patients would be expected as VEmax, is in general less effort dependent than it is in normal subjects, presumably owing to the more peripheral location of equal pressure points and flow limiting segments patients. We have shown in addition a relation between the reduction in PEF with a 4 mm orifice and the FEV, with no obstruction (fig 3) , showing that the more severe the diffuse airways obstruction the greater the difficulty likely to be encountered in recognising additional upper airway obstruction.
The indices most sensitive to the presence of upper airway obstruction in the patients and in the control group, in terms both of the largest orifice at which a significant reduction in flow was detectable and of the magnitude ofreduction in flow, were PEF and Vimax., (fig 1) . By contrast, VEmax_, and FEV, required more severe upper airway obstruction before they became significantly reduced. These results from normal subjects are in agreement with those of Miller and Hyatt.8 The trends were even more noteworthy in the patients. The greater sensitivity to upper airway obstruction of PEF and Vimaxs, than of FEV, and VEmax, results from the greater dependence of the former measurements on effort than on dynamic compression of the intrathoracic airways.
As the smaller falls in FEV,, PEF, and Vimax5, in patients with chronic obstructive lung disease than in subjects with normal lungs may impair the recognition of upper airway obstruction, we have examined the sensitivity and specificity oftwo established indices for the recognition of upper airway obstruction in the control group and in the patients with chronic obstructive lung disease (table 3). In the presence of a 6 mm orifice the ratio VEmax,:VImax,2 exceeded 1-0 (suggesting upper airway obstruction) in all 12 control subjects but in only six of the patients. Similarly, with the same orifice the ratio FEV,:PEF' gave a value greater than or equal to 10 ml 1' min (suggesting upper airway obstruction) in all 12 control subjects but in only seven patients. Thus, although these ratios are sensitive to simulated upper airway obstruction in subjects with otherwise normal lungs, their value in the recognition of upper airway obstruction is clearly reduced in subjects with generalised airflow limitation.
Comparisons of maximum expiratory flow during the breathing of air and heliox have been used mainly in studies aimed at the early detection of diffuse intrathoracic airway narrowing. The early promise of this technique as an epidemiological tool has not, however, been fulfilled, probably because the effects of breathing a low density gas on expiratory flow limitation are more complex than was originally realised. '2 In the context of upper airway obstruction Barnett'3 showed clearly that heliox had a particularly large effect on airflow when the central airway of dogs was artificially narrowed. Lavelle et al, 6 however, found that the responses of maximum expiratory flow to heliox in a group of patients with upper airway obstruction were no greater than those of normal subjects with no obstruction. They also examined the effect of simulating upper airway obstruction in three patients with chronic obstructive lung disease and found that the responses to heliox were normal with the simulated obstruction but greater than the impaired responses seen when these patients were studied without artificial simulation of upper airway obstruction. They concluded that upper airway obstruction, if severe, may be identified in patients with chronic obstructive lung disease by the finding of a normal heliox response at high lung volumes. Our investigation extends the results of these studies by including a larger number of patients and measurements made also during forceful inspiration. The heliox studies were performed with a 6 mm orifice because this is about the level of obstruction at which upper airway obstruction becomes functionally important and also the level of simulated upper airway obstruction at which the heliox effect is reported as becoming large in normal subjects.6 With no additional obstruction, breathing heliox significantly increased FEV,, PEF, and VEmax5M both in the patients and in the normal subjects. Vimax_, was significantly increased by heliox only in the normal subjects. The proportional increases in both groups of subjects were generally of similar magnitude. In AVimaxn, (fig 4) , however, their specificity is somewhat less.
In conclusion, we have confirmed the clinical impression that upper airway obstruction is more difficult to detect in the presence ofgeneralised airways obstruction. The sensitivity and specificity of the traditional indices for the detection of upper airway obstruction in otherwise normal subjects have been confirmed, but these measurements are much less sensitive to upper airway obstruction in patients with chronic obstructive lung disease. Large increases in PEF or Vimax_, during the breathing of heliox may aid the recognition of upper airway obstruction in patients with chronic obstructive lung disease, but the lack of specificity of such indices limits their clinical usefulness.
